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ABSTRACT " ■ ^ ' 

r A study was undertaken to deve I'cp a microtefmin al .f or 

use in a computer-based instructional system* Ob jectives were to use 
new microprocessor technology to produce cue terminal that is more 
effective and efficient thaa either the management termiral or the 
plasma type interactive termihal presently in use by the Air Force 
Advanced Instructional System (AIS) • >^Four goals were , identified: (1) 
design and develop a final conf iguraticr which takes intc account 
stand-alone software- capabilities for suppcrting block testing, 
portability (battery operation) , and transfer of data to the computer 
site through a type B terminal; (-2) refine the existing prototype .for 
production level numbersr and produce ten prototype production units 
with a production cost goal of approximately $500«00 p^r unit in 
quantitp.es of 500 or more; (3) perforo a classiccm study of the 
microterminal to determine its operational effectiveness; and (4) 
provide complete procurement-manufacturing document atibn.' Through 
involvement of educators, psychologists, eugineet^, and potential 
microterminal users, the human factors were defined, mechanical and 
electrical characteristics of the microterminal selected, and the 
prototype designed. The microterminal was evaluated and proved 
acceptable for student test taking in the Alxw€apcns mechanics 
course. Cost ianalysis indicated that it let the goal. Students showed 
a large preference for answering test items with the micict^tminal 
rather' than computer test forms. Evaluation results also shewed the 
use of the .micrpterminal resulted in significa ntly better teist 
scores, (JH) 
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, " , SUMMARY 

Problem . - ^ ^ 

For e. computer-based instructional system such as the *Air Force 
Advanced. Instructional System (AIS), a critical component is the com-- 
puter terminal.'. The AIS has two major types of. terminals - a management 
terminal anc^ a plasma type irrteractive terminal. Use of the management 
terminal is depervdent on the use of chemically treated and pencil mark- 
ed, mark-sense computer forms which are consumed at a rate of approxi- 
mately 1.1 million per year. The application of computer-assisted 
instruction (CAI) is directly limited by the cost of the terminal since 
for any GAI lesson there is usually a reqi/irement of one terminal per 
student. Computer-managed instruction (CMI)car[ handle large numbers of 
students with fewer terminals but lacks the level of interaction pro- * 
vided by C/|I at the lesson level and. also has recurring -costs associated 
with the us^ of computer forms and support materials^. The development 
of a microtermi nal is an effort to use the new microprocessor technology 
to produce a stand-alone student terminal which functions in the broader 
scope of computer-based i ns'truction providing, a form of CAI in the 
contexttof CMI operations. y | . 

At the initiation of the .contract, the four goals were: 

- 1. Design and devel op a . f inal coaf i guration which at least takes 
into^ account st^nd-alone software capabilities for supporting block 
testirlg, pbrtabi 1 jty (battery operation), and transfer of data to the 
computer site through a Type. B Terminal , 

2. Befine the existing Air Force 'Human Resources Laboratory . 
(AFHRL) prototype for production level numbers, and produce ten proto- ' 
type'production units wi,th a production cost goal of approximately $500 
per unit in quantities of 50G or more. 

• ' ■ ^ ' ■ ■ 

3. Perform a classroom st,udy of the microtermi nal to determine 
its operational lefcfecti veness. ^ 

4. Provide complete procurement-manufacturing documentation. . 
Approach 



Through a series of meeti ngs^wi th AFHRL and McDonnell Douglas per- 
sonnel, the controlling agency and contractor,* respectively, of th^ 
Advanced Instructional System (AI$), the, human factors were defined and 
the mechanical and electrical characteristics of the microterminal were 
selected. Thus/ the final'design benefited from the input of educators, 
psychologists, engineers / and potential microtermina] users.^ A continu- 
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al review of new hardware cbmponents^^ and ' software:!ieeds was^expected to 
result in a final microterminal configuration that woulrf represent an 
up-to-date, low-cost terminal which would .prbvide dynaniic, objective 
type, response iiandljng capabilities for support, of :testing and iastruQ- 
tion. . . ^ . . ; • ' 

■' " •• •■ ' <■ " - ' . « 

Result : J ' ' . . , I _ 

The naicrotermjnal v(as evaluated ind proved acceptable for student - 
test taking in 'the'AIS Weapons Mechanics Course. Cost Arlalyisis. indicates 
'that the microterminal ciSin be produced at a cost of approximately $500 ' ' 
' pir unit . in quantities of-SOO or more. In addition, thp development of 
dVemovable metnory module proved^ to be ah instructional and administrative 
benefit of the finals design. ^ Evaluation of the microterminal showed an 
almost unanimous preference by students for answering, test items with a 
.microtenninal rather than a computer test form. Unexpectedly, evaluation 
result^ also^howed that use of the microterminal resulted in significantly 
better test scones. 

Cionclusidn • ^ " ' / ' 

The midroterminal offers an^ el ectronit solutjon to instructional 
testing and opens up avenues for furtfeer application within the Air. Force. 
The microterminal offers* a cost-effective mechanism for administering 
tests in a computer-ba^ed instructional . environment. Further appl ications 
are seen in support of off-line individualized train-lrrti materialsr for whicK 
the microterminal wojutd add dynami<&i response handl irrg capabil ities, thus 
providing a low-lev?l form of computer-assisted instruction.Y ' 



J\ ; ; ^ TABLE OF content/ 



"J 



INTRODUCTION . . . . . . ............ A 

^ Background . -. ^. 



MICftOTERMINAL' HARDWART"cONFIGJURATION 



..^f.. : . . . . . 

Original .design ... . . . . . . / ! . * .^^ . . . . . . 

student microteicmin&l .... . . T . . 

Interface evaluation .V. 

. v_ " - ■ 

Applications study . \ . . . , . ( . . .\ . . . . 

_ dost consideration3 . . . . . . ....... 

Final configuration ........ V ...... v . . . 

, Classroom evaluation . . . . . . ^. 

Cost analysis ....................... 

Conclusion ^. . 

REFERENCES 



( 





LIST OF FIGURES 



Figure 1- StuSent, mi crotermvnal . .. . . . 

Figure 2. • -R^comirrended microterminal . bloc-k di'agrcira.:: 

Figufe 3^*^ ^FincT^tT^y^oterminaJ /^^^^^ .[ ^ . 

/Figure 4. Memory moxJiLfe ;^ . . . \ .. . . > . . 

'Figure 5- ^ Microtermioal vitK memory module in place * ... 



F inure 6. fMrcrot'ern\iaT fr*afT^,paneT v 
Figure 7- Micrptserminal- hardv^are placement 



,f igure .Stud^j|[t ^quesUonnai>e {student read instY^uctiorii.. 
Figure i- Studfent questiopnai re (student p^e-ir[structed). . 



Figure 10- Selected student comments . 



. LIST OF TABLES-" • • y - '"' l 



Tabl'e 1'. '^Possible microtermi na> changes . . .. \ . / . ' ^ 

Table -2. Comparison of unique features of four microtermi nal 
configurations .'. . . .. .v.*". . . . . . . / 



Table 3. T-Test Results for complete form^users (Gl) 
' ; vs. micro terminal users (G2) .. . . , ... , 

^ • ; ^ . - • - " V - * . 

Table'^ Analysis of covariance . , . ; ... . . 
Table 5. Component^ and- material s cost' . .• . . . .J 
Table 6. Microterm^nai fabricaition costs . . . , 




INTRODUCTION 



• - c - 

ndivrdua 



iH^d inst\r.u'c 




student needs with 



z^d inst'r.u'ct'ion which 
ctional res.ourc 
that j^oon exceed the rtjanag 
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'-•"ment of a conipyter-based system Vhich woQldJ:ake. -advantage of the , evolving 

y 3ncr sttn J^i'ovicJ^ operational, cost-effective 
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'■ The Aiy^erce prbgrlln -.cal^d .the Advianietf Iristruc System (AIS) • 

^ (Bockivfay & rasutake", .T974) uitjlviz^s both' j^omputer-mana^ed instruction \^ 
jand- co'mputfr-assisted^irtig-tn/ction .(CAI) to achieve this goal. "Convention- ' 
"*-allyi "CAT is .conside.^ed^^^i^e an intensive ofr-lipe interaction between 
5tltid€jit^<^ c^pff^r Jasling over exte^ of '.tinie, while CMI >ro'- 



'vfdes guidance f^jr instrlction'"w%h iii|^rr^nenr?nte^ between com- 

puter and student. " With a proper- Sal alijWbetween these """^ - - 



two, often refer- 
been able to 

(Lamos, 1977). 



red<o Vs,cQniputer-based instruction (fcBI) , 'the AIS has 
capital izp on thg^axkgjntages,^ each educational technique 

... ' Inherent within th^ incorporation jff any two systems are the tradi- 
ti^naf'problems of redundancy, duplication of effort?, a^d the adaptation 
of < unnecessary features whi^h' ^ti'^ct from the- overall performanc^v/^ - • 
(^bjective& of the new product. . Within CBI, this is considered to be that 
•area wherV the ' higher costs 'of^GAI, (cost per student) make the operation / ; 
of, the system'cost prohibltiv^^M^Cj^'^en CMlHimitHtions do not allow the 
CAI- feature s^ td be utilized to.tPteTV full potential-. In terms of h&rdware, 
for example>. one of-the major costs in most C/\I systems' is the interactive . • 
terminal. ;With nearly ^1:1 ratio.of terminal's to students for CAI,. the 
present initial capitalization of equipment cannot often be 3ust>f1ed over 
traditiona-1 -forms of. instruction- ^ On the other hand, if'^ system is designed; 
to be entirely CriR,.khere are many, advantages of "CAI which annot be imple- 
mented witllin the sysltem.? Thus, the primary ^objective of any CBI system is . 
"to match the major benef i'ts'd^f both CAI and CMI without allowing one to 
gain^prededence over the other at the, 6ost of dei^ating the original objective. 

In/the AIS, this process of, "latching the trade-off s i^etweetf CA.I and 
CMI is' Ah on-going effort. Wbst recently, for instance, -tfiat pfcrtiqn of 
the AIS relating to the M&"nagement,of ■Tj{pe.,»B''termincii:was inves/tigated» • 
This termina.l is designed primarily as a means to gr/de student, tests, 
relay this infonpation to the centra-l site, and thS re 
tp' the student. It is* made up of an of)tical mark reade^f (OMR),, a 
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^ mj(H^#nfr^tp&r and a printer, and, it came un-der scrijtiny as a'm^'qr^equip- 
"^jnt^e-xpense. At the- same time, the. test foriils u'^efl in the AlS 'were 

feeing .investigated. In the latter case, thousands of test forms * 
were being used each day, anji at a per sheet cost of approximately Si's 
.(jents, this also represented a major operating" e?<pense for the AIS. 

Ba.sed on this information, -the Air Forc'e HumarT^souY-ces-rfcaboratory 
< (AFHRL) Technical Training-Division at Lowry AFB began to consider 

alternatives, for portions of the. Type B terminal and^ the .paper tesf. ' 
,:f<6rms. The corieept which evolved was an electronic responding device, ' 
y6r mi croterminal.,. which wjouTd take the place paper tests ^nd thereby 
'bypass the QMR tn the Type-B Terminal. In 1976,- a prototype was com- 

pleteir and successfully tefsted by AFHRL (Kirbyi'& Gardner, 1976). 

A^ICROTERMINAL HARDWARE CONFIGURATION : - 
Original Design , - . /.^ 

Th^ original device developed by AFHRL wa$ referred ±>c) as a '^stu- / 
-dent respond^." It consisted of a keyboard, several hexadecimal di s- 
play elements (0-9 and A-'F), and a 'column of individual message display • 
lamps all of which were interconnected directly to a central computer 
through an interactive terminal. Although not satisfactory as a finaf, 
L^s^ib'le device, this configuration, was sufficient^o obtahvsi nfofmation 
-6n a favorable desjgn and to 'determine the potential .appl i cation of. the/ 
device. ' - ^ . 

During^ the ^valuatipii period,' 60 students .yfcla'ss&s at Lowry AFB* 
(Lamqs, 1977) were given a programmed fnstructitnal lesson with test, i 
Whilfe no significant gains in performance were ntted, the students 
covered the material in 30 percent less time. In addit-jon, 90 percent/ 
of ^the students indicated that they preferred the ^Ifectnof 
oyeV €he traditional computer paper-and-p^nci 1 test form. 

It was also determined during this evaluation that an electron.ic. 
Vespondijifl_ device woAjld be feasible only if theAjnit could operate th ,a 

- "stand-alone" r^ode. Without this fe^ature, theyespbnder would require 
continuous ^interaction with a large central o^puter—a costly feature 
to nflplement and an undesirable situation when the c^tral site was not 
operational. Likewise, Mt was also determined that the responder should 
have the interactive and %namic. response capabi lities normal ly associ- 
ated With a cathode ray tube (CRT) type computer terminal, as well as ^ 
the ease of use which is .associated wUh electroHic calculators.^ In 
order to giyej it this capabili.ty, a coniplete microcomputer was incor- 

•porated into the responder. With this change the unit became known as 
the "microterminal." ' * W ■ 

. ^ y "^■ ■. • ■■ ~ ^.^ ■ ■ \ . ■ y 
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$tudeht vM^jcrbtermi^nal ' ■ ' . \ ' \ . ' - 

The original iAFHR'L prototype microtermin^l utilized the Motorola 
M680d' micropro^cessor with a- 1024-bit nanddm access memory (RAM) ai^d six^ 
4096-bit' programmable read-only memory (PROM) chips.' As illustrated in' 
Figure 1, thi^ prototype featured a l6-key keyboard, 14 display tights 
to indicate directive messages, Snd four hexadecimal .di splay units for- 
ainswefr;feedback, etc. The'^ele'ctronics associated with the microtermirial 
provided f^ur test strategies with up to 9j00 test item key^ permanently 
stored arid. a capacri^ of up. to 250 test items for which a student's 
resp'onse was tempbrari ly 5toi^ed. The^e four test strategies could be • 
presented in any one of the f^ollowing schemes.. 

V r. Linear^ proge^sion with no response feedback. ' ^ 

^. ; Same. as #1 with Yes/No response feedback.^ 

3. Same as #2, but the studen|: r^mai n'ed* at the last test item : 
/ . until"the corrett response' was given.'' : r / 

4. ^ Same as but the student Could be given a'^etest^h i n- 

■ correct responses until al 1 ■ i temsi were answered correctly. * • 
\ , • _ - •. • V ■ • 

Information- entered by the student in the pro'totype- rrticrOtermlnal 
was' lim*ited to m^anua.1 retrieval* In the instructor mode, I.e. , depress- 
tng a. special sequence of keys, ^ such information as the student' s ^SN, 
test t^oo-kl fit numheC, student score, elapsed /"fime; and. responses to- each 
qu(?stipn co,uld^ be retrieved. . - . .. ^ 3/ / 

- Interface Evaluation - 

In 1976, the '^enver Rasearc^Ifisti tute (DRI) undertook a study to" 
deterfTjIne a hardware -inter.f ace which would enable the mict;*oterminal to - 
^transfer test data directly -to .the AIS central site (Wasmundt, Steffen, 
Kargo,. 1976a, b).' Jhis effort involved* the investigation of haYdware, 
software, and instructional* support functions of the prototype and, thfe 
interactive and Type 8 terminal .interfaces., The^ fecom'menBatfons f rom 
tliat study resulted .in an interface for the microteiPminaT b*etween the 
Type B terminal and the central site. ' : ' ^ 

The modifications made to thje prototype to effect |hi s chang'e 
consisted -of additional support circuitry, p.riiricfri ly input/output (I/O) 
buffers,, and several softv/are changes. ( In the latter category, the I/O 
format was instituted, and the calculation/cind display of final tesi 
stores and/or transfer of test answers 'to the AIS computer via the Type 
B terminal was! made available. 



An additional feature which was incorporated at^ttiis tioie^was the 
provision' for a redundant check digit in the test booklet number. This 
helped prevent the student 'from inadvertently entering an incorrect " 
number. Also, t>i^ time required for the student to, complete the test 
was measured and made available to the instructor or the Type B ter- 
minal'. Figure 2 reflects the'basic outline of the "initial" micro- 
term inaV. . ^ , * 

Applications Study • " ■ ' 

During the early months <of 1977, under the present contract effort, 
DRI initiated an applications study of the microterminal The purpose 
of that s.tudy was to determine a microterminal prototype design which 
would have the capability of meeting most of the present and projected 
needs of the'AIS. In order to identify these objectives, a series of 
meetings were held with AFHRL and McDonnell Douglas personnel . A tour 
of the AIS courses was then conducted and possible areas of applications 
identified. The applications categories tentatively identified for the 
microterminal were as follows. 

"Existif^g" microterminal applications. 
"Extended" microterminal applications. 
Adaptive testing. 
Adaptive i nstructi on. 

Uses with external •microterminal I/O control. 
Performance training. 

Under the category of "existing" microterminal applications it was 
recognized that the hardware and software features of the "existing" 
prototype placed limitations on .the future applications of the device- 
For example-, with the prototype, a typical testing scenario was limited 
to the following steps. - / 

Student enters his social security number (SSN). 

Student enters the test booklet number (<:ontaining in- 
formation required, for test administration, i.e. , number 
of questions, test key, and feedback mode). 

Student answers all questions in the order requested by ^ 
the microterminal. 

At the end of the test, the student takes. the micro- 
terminal to his instructor or to a Type B terminal for 
eval uation. 



1. 
2. 
3. 
4. 
5. 
6. 
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Figure 2. Microterminal block diagram 



One of the objections raised by students to this scenario was'that 
there were no provisions for altering ttie linear presentation of the 
test questions. It then followed that this could be resolved by modify- 
ing several /features of the* "existing'^ microtermi nal and "extending" 
features whtch would allow the student to change the order 'in which the 
questions could be answered. These modifications should, therefore, 
provicje thei following test features. 

' ](.. hjon^linear progression testing, whereby the stude.nt would be. 
able to alter the ofder in which questions were answered. . 

. The review of answers" to previous questions. 

if feedback was not provided,, the student should be provided a 
' means to alter the answers^> 

*In%ddition to these changes, which were primari ly i nvol vecf'with 
the software, various hardware modifications and additions were consi- 
dered at this time. These changes, which would supplement the software 
changes, were alsoconsidered as factors in the reduction of hardware 
costs. A 12-key keyboard, three hexadecimal displ^ay digits, a reduction 
in RAM, and a battei(^y powered RAM were suggested as additional "exten- 
sions*' of the "existing" microterminal . ' - 

"J ' 

Another factor. considered in the applications study was that of 
test security- Because a Targe 'number of ^ests must be given in'the 
AIS, and since students have shown great skill in deciphering test keys, 
it was recommended that an integral pseudo-random number genei^ator, with 
a wide variety of test patterns, v^i)u.ld*be more desirable than the ori- 
ginal test keys possible with the ?'exi sting" microtermi nal . This type 
of test generation would be structured within the AIS when the in- 
structor first requested a test booklet number for a new test. At that 
time, the AIS central site would generate -a number based on the type of ; 
course^, block test number, ahd the number .of . questions supplied by the ' 
instructor. The capability to decipher this test booklet number and 
score the tests would ailso be a requiremen^t for an "extended" micro- 
termi nal 

The ability to administer flexi level adaptive tests was also con- 
sidered a desirable application for the' "extended^' microtermi nal / .ln>,\ 
adaptive testing, an algorithm j's devised which tests the student on the 
fewest number -of questions possible'\ The theory^^^is that the adaptive 
test score would' have a close correljation to the xest .score which a 
student would rec^lVe if alT question^ had been .answered. In flexiVevel 
adaptive testing, the questions are ranked according to diffjculty--the 
first is the easiest, the last the most difficult. When. issued a test. 



the microtBrminal could' start the student at the middle question. For 
each correct answer, the/student would be directed by the microterminal 
;to a more diffiicult question; for incorrect responses the process would 
be reversed. With this capability the microterminal could provide an- ^ 
economy of Operation that is diff icul t to'dupl icate with conventional ^ , 
paper-and-penci V testing. ^ \ - 

The requirementsi of the microterminal for adaptive instruction do 
not vary greatly fronf those required for -adaptive testing, in fact, 
adaptive instruction may be, considered an' extension of adaptive testing,, 
but with self-explanatory questions. At the'^end of an instructional 
sequence, students answer questions, jnegarding the material which has ^ 
just been covered, and branch to material) which is either more or less 
difficult, depending, on thd correctness pf the response. Howevej^ since 
the object of such an application is ta rtiak# the material conform to ,th€^ 
student rather than to rffeasure the student's achievement, the software* 
dernAnds that would be' made on the micro'terminar for preci sion of mea- 
surement are greatly decreased. . . \^ / 

Jhe use of an external microterminal paral lei I/O control could 
further,i^nh4nce the applications of the dev^ice by providing the capa-^ 
bility tti. communicate with an e-xternal device., such as a microfiche^ 
projector, an external, memory, or similar devices.* However, it was . ^x^-" 
reeommended in the appl ications study as impractical to simply extend 
the^^icroprocessor data,' address, and control bu's putside of the micro- 
terminal, partly because of^he number of Jines involved (about 40) and 
partly because o'f^the danger either of electromagnetic interference wi'tW 
other devices or 'damage to the microterminal' if the bus was*>improperly 
used. It was therefore suggested that^another programmable interface 
adapter be added to the microterminal with its external I/O -lines beinc 
available only at an external connector mounted^ on the microterminal, 
This was suggested fofc.additi on to the existing hardware at little 
additional cost. ' • ' ^ 

Performance training was briefly considered as an area for evalua- 
ting other potential uses for the micrpterminaV. This remained largely 
undefined, except that it appeared that any appl ications ^ beyond thos4 
already discussed would require significant additional capabilities/ 
For example, the keyboard is limited tdrfiumeric input, plus a- few f/jnc- 
liQn keys, so that constructed answers are not possible. SimilarW, the 
display has limited capabilities *o thai any communication with th^ 
student, other thaj\ feedback verif^ication of answers and simple .inr 
structioris, must be via indexing through a conventional media, ^s^uc/h as 
textual material:ar microfiche. Fi^nally, such an application as^rref- 
formar;ice^training would probably require special programming- to h&ndle 
each device for which training was desired. Thus, this particulaf 
application was not recommended as immediately suitablj^for the micro- 
terminal, . 



In addition to these po"Knts , the- apfjlicatior^s study alko cor>sidered 
a number of questions which, appliedvto the effects of incorporating the 
mi croterminal into the AIS. Most of these questions dearit with the 
ability of the AIS to accept' these changes wrth a minimum of alteration 
to its existing framework.' For example, al 1 appl ications of the.micro- 
^ terminal require some modifications of 'the courseware, but it Was found 
that the*se* co'ul d be accomplished by treating the new^^portion -^of the 
courseware ^s an** al tdrnate module or/test. " Sinoilarly, the students 
.could b^e' trained .in the operation 0/ the microterm'ihal by incorporating 
irrstfwctions into an; existing lessc/n module. , , ' 

The: support required for operation of the mi£roterminal. was, also 
considered in the applications s/(udy.. Failure in the system, for in- 

- stance , would .requi re a manuaT i5ack^up system. If a fai lure occurred in 
a single mierotermi nal , then^t/e, student would he forced to start over 

. on an'<:)ttWfi-^icrotermi nail , lltj/ough adaptive instruction might;be able to 
continue froni some checkpoi nt/ father than from the beginning of the 
test.: In any case, ^ mainte/iance'contract or a repair facility within 
the AlS would be required to deal with the->probl em$ as they arose. 
Other -types of support wou/d also.be required, but except f*or '^'the ^icrd- 
termihal power supply ,''thi s was within the pVesent c&pabi 1 i ty of the * 
AIS. i .-\ ^ V 

Co^t' Considerations ^" . " " * 

\ Thre^ major change^ to the original prototype microterminavVere 
cons.i dered as .possibl e advantages in the design of the "extended" miero- 
termi n.a.1. These were the inclusion of an external parallel I/O con- 
necttir with the associated electronics, flhe^ addi ti'on of an external 
memo#^y module which could be interfaced ,via the parallel I/O conrusctoryjj^. 
and'^a, power ' supply included.within the microterminal . , 

The "first change, that of incTudi^ng a parallel I/O to the-micro^ . 
terminal; provides the, possibi 1 i ty of interfacing the microterminal 'to 
other devices, surh as a microfiche viewer ql^ cassette tape player. 
This chcing^, woul d also make it possible to consider an external memory' 
module which could be used to) record, all information that was tobe 
transferred to-'the AIS central site. Therefore, if the mi crote ^ml'HftJ^ 
was, not physically required f6r 'the t-^ansfer of test informatioi r to the 
AIS., it would not have to be^ tr^nspor.ted from the study cart^el :o the 
Type B terminal by the student. . This would further make it poslible to 
enlarge the mierotermi nal enclosunfe' to include the third change, that 
is, a self-contained power supply, r The combinations which may result^ 
from the?e changes are outlined in Table 



Table 1. Possfble microtermi nal changes. 



Parallel 
I/d^Port 



Self-Contai^hed 
Power Source 



Type 1 


No 


No 


Type 2 


Yes 


No//' 

■ / / 


Type 3 


Yes 


■1^0 / 


Type 4 


Yes 




A 


primary 


consi deration " 



Internal 
RAM 

Yes 

Yes 



External 
RAM . 



; ^Yes 



Yes 



mi 



comparing the four types of microter-^ 
. , - each. As i^ijdicated in Table 2, the ' 

range of approximately $100 between Type 1 and Typa^ 4 was' significant. 
Or the other- hand, the added features of the various types did not 
appreciably affect softwa^fe costs as these wpul a one-time develop- 
/ment expense. As long as additional PROM , requi rements were held to a 
minimum,' the added software efforts for e^ach added feature appeared to 
be a worthwhile investment. ^ . 

In comparing, the support requirements for each type of microter- 
minal, it was evident that there were some offsetting cost savings in 
return for the additiona.1 internal power supplies.^ In fact, th6 addi- 
tional expense of an internal power supply for the Type 4 unit is nearly 
offset by the reduction in cost of supporting the otKer typ^es with an 
external source. When also consideirnj:4-^ttiat the future possibilities Of 
the micro.termipals could be greatly^ncrea^d by not /^equi ri ng the 
installation of external power sdurces and Kssocia^ed wiring to study, 
carirels, the added expense of the internal power lupply is tnsignifi-" 
carrt. ' " ' 

Although not reflected in Table 2, another configuration of the 
microterminal was suggested. This would::be the installation of a power 
supply and internal battery source to. "power the internal RAM while the 
student is taking^the microterminal from a carrel to a Type-{B termihal. ' 
However, this configuration would be cumbersome in some respects, since 
the microterminal would not have the required portability desired for 
such usage--due to the added weight of the unit--and 'would further 
introduce an increased shock hazard by requiring the student to connect 
and disconnect the 110-volt power source. 

The cost' difference between Typq 1 and Type 2 units versus the • 
added capability of a Type 2 was such that it appearecj well worthwhile 
to include the feature of I/O capability. The ortly remaining decision, 
then, was whether to include the memory module. Toores^lve this ques- , 
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i tion, a stu(;iy of maintenance and predicted li^fe'of the microterminals 
I was performed. In making t^is co;npari son ,/no sigraificarir differences 
\ could be identified without^also including tfie additian. or^'deletion^ 
an internal povyer supply. Ttiat is, without considering a memory module,, 
an^internal powj^^upply was undesirable due to .the portability fe- 
/•quirements that would be impos^ed on the microterminal . Th'usf a decisi'on 
./was made to compare the Type 2 mi c.rotermi na] to 'a type' 4 microterminal . ■ 

The resulting' difference in, estimated cost between these two types, 
was $80, oc^for a quantity of '5t)0 units, approximately $40,000. The • 
implication hore was'^-that the Type 4 micrbtermi nal would. need a\useful 
life 19% longer than the Type 2 in order to justify the cost difW.en- 
tial, unless significant differe'rices in support costs could be recti izedl. 
It was then further estUm^d that the elimination of an* external power 
source and it^ associate wiring to study carrels would.res,u,lt. in a cost 
dp f erence, more-^'dn the order of $55 betweerl the two typ^s:?';?^ 
then resul t^in'Hhe requi rement-^hat the Type 4 unit haveta^^^^-u^^^^^ life 

- 12.8% Iqnger tha'n the Type 2. ) ^ . 

\ /' ■ ' ■ 

TIfte* desi red l^^fe of a microterminal is approximately S ye^^rs. From 

' this the' required J.i/e of a Type 4 unit would need, to be approximately 
8 months more than that of Type 2. But, since the Type 4 does not have 
to be carried between a student carrel and an AIS Type B terminal for 
the transferral of student information, it is expected that a reduction 

. in malfunction,^ due to dr^ppage and mishandling, . would Be realized! 
This cost difference of $55 wou'id then be made up in maintenance or 
replacement parts' expense. \ , 

" ^ ■ 4'; • ' ■ , 

\ By constructing the. memory modules in a manner that can accept this 

vY^^^^^^ P'^^^ by stud*ents^and by being able to maintain the microter-, 
Jni^als in/a s^tatibnary positioX^ the additional exp^nse^of the Type 4 
■ unit could be -recovered over t^Te life expectancy of the^devices. When 
alstD considering that. the configuration of the Type 4 lends itself to 
more flexible use in extended , application^^ the cost difference>between 
the two types is not Significant. . . 

The select'ion of a Type 4 unit, with memory modul/, was also inves-' 
tigated from an i nstructionaT and administrative viewpoint. In this 
case, one of the most apparent advantages of^.a memory module unity's the 
ease with which it can be stored, Equivalent in size -to about two 
cigarettes, packs laid end to end; the logtsttts of, control 1 ing 500, or 
more, memory module^s is less difficult than that required for 500-micro- 
terminals. Another factor in favor' ibf the mocJu'le was the cost'of prt)- v 
ducing additional units./^ Since a surplus of modules, will undoubtedly be 
required, especial ly, duri ng periods when^ the central ^ite is ^own , the; 
cost of doubling the number of modules, as opposed to doubling the. 
number of microtermi nal s , is considerably less. Downtime associated.. 
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. •■,,'„■■ ■ ( . , . 'I ' . , ■ , ' , 

..' . K ' Table 2. Xompari son of unique features of kr.-microtemina^ ■ 

Type I \ , Jype^-' • ' • ' fcS " ' V I Tj[feJ' 

4429 - ■-$469 • .$509. 



Upique Hardware .' 

1. Internal, Battery 

■ \V ■ • ■ 

■ '.'■■^ 

i Intei^nal' Power 
' *tonverter 



Unique Hafdware ' ' 
1. Internal* Battery ' 



2. Internal Power i 



Converter 



3. Serial I/O Control 
Logical Connector, 

4. Portability 



- Unique Hardii^re . \ . 
L Memory Motlule (External 
; , 128 Byte RAM & Batleryl 



2. Parapel I/O Cokrol 
^ Logic and Connector 



'3i Power Connector 



3., Serial I/O Contrpl 
Logic & Connector 

i Parallel -I/O Control 
I Logic & Connector 

5. Externar^Power Source 5. Portability 

6'. 256 Bytes Internal, ,6; ExternaT Power Source 6. 128 Bytes Internal 



4. Jititernal Power Converter 



5. External Powef Source 



7. 256 |tes .Internal 



. Uhi'qije -Support Uniqiie Support / Unique Support 
1; 'Separate 'Power Source 1. Separate Power fturce 1. AdditionaMaintenance 
Installed .in Carrels ' Installed in'Car)^els\ / of Memory Modules 
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2, Additional Mainten- 2. Additional Maintenance ^. Additional Maintenance 
ance Requirements due Requirements due to ^.Requirements due to 
to Separate Power Separate Power Source -'Separate Power Sour^ce 
Source ' ' • ' • ■-, ' . 



.3. Serial I/O, in Manage- 3. Serial I/O in Manage^ 3. Parallel I/O in^ 
lient Terminal ' lent Terminal • , Management TerminaT for 
■ ^ ' Memory Module , 



Unique Hardware ';; 
L. Memory. Modiile 

(External 128 . 

Byte m & Battefy) 

I Parallel I/O ^ . 
Control Logic ' 
& Connector 



3. Internal Power 
Supply & Line Filter 

4. 128 Bytes Internal 



Oniqiie Support 

1. AdditioMJainten- 
ance of Mem'ory 
Modules 

2. Pafallel I/O in \. 
Management Termina]' 
'for Memory Module 
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ique So-ftware . j: Unique Software ynique Softw are • . 

1. 'Serial Data I/O \ ■, L Serial Data 1)0 Trans- L ParalleTlTO Control ' 
Transfer To/Frofli l!lS' fer To/From to Manage- For: ' ' \' , 
Management Terminal , ment Terminal" ■ ? a.^tooryHodule 

. 1 ' « ■ - 'b. .External Device - * 
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lcati,ons/Li mi tati ons App] i cati ons/ltii tati ons Ap^lications^^ ^ 

1.^ Progression testing - Same as.Type 1 except that 1. Progression Testing -' 
test presented in ^ .test -can be presented t^y test ^presentfetlfby various' 
booklet form onl^fe various media via J/0 'media via I/O cp«t|o1 

' y control ; , ' , ' partial retesti'nj pos- » 
.* . A ' ' - sible by "downloading" 

capability 'Of memory module. 

2. Adaptive tes,ting-Test pre- 
sented.by parlous. media via, 

*I/O'control;. standardization 
■ -of Microterminal software 
possible due to "down^ . 
, lMing" capability. of 
..Meinory Modul^,, ;„ 

. \ ' ■ I- ■ ■ 

3. Adaptive Instruction-Tes't 
X! 'presented /by' various media 
^ via 1/0 contr61 ; standard- 

" iz^tion'of Microterminal 
software possible due to 
"downloading" capability, 
of Memory Module with 
additional PROM which ' , ; 
controls instroction ■ ' 
sequence. . < 



U nfque Software . 
r Parallel; ITO ' 
. Control For: ' ■ 

a. ,Nory Module ' 

b. - External Device ' 

» 

A gp^i'cations/ij mii^ 
Same as Type 3 ' ■ 



2. Adaptive Testing-Test 
presented in Booklet 
[ : Form- Only; Standardi- 
\ . ■ lation of Mieroter- . 
■ \ ^mii]al software not 
V ■ possible, 'addi'tionaV 
■ PROM iiiay be, reqiJi reel. > 



'.'3; Adaptive instruction-'^' 
' Test presented in , / 

' booklet form 'ojily; ' 
standardizatioh" of 

' Microterminal software' 
not possible; addi- 
tional PROM may be 
' required; instruc- , 
►tional sequence 
. didtates software 
■• recuirements. 
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with, the central site also /made the memory module more appealing aUd' 
' pract-icafl becduse the stutlen-^- could continue -with a, test. When com- 
^plete'd, the instructor cou^d /j^manual ly" score the memory module on an 
instructor mi croterminall; m^ke the next -assignment, and then save the 
module T=or processing when the central- site-was, back on line ' , 

A final point, in favor of, the memory module is related to the 
extended-application of the- microterminal/ In this case, if the mi'cro- • 
terminal proved 'satisfactory as\a testing device, iik could also be 
extended for ..use irtcorrespondertpe courses and pn-thej^^-ob training r 
(OJT)._With a microterminal. on. t\and atreach installation, or accessible 
to field units , memory modules -coyl d.'be mai led back and forth to central 
loeations.as an alternate to direct ^communication links with remote 
terminal s and" when time i^s not a factor ' - ' 

As Staged earlier, one> of the original objectives of this project 
. was to _ develops, a microterminal whose'.'per^unit cost would "be $5o6 or 
•less, in_ quantities of &00 or more, an^d. the Type 4- unit Yulf il Is'this ' 
objective This cost goal had been previously de-termined from an anal- 
ysis of the present costs of the, AIS paper-and-penci 1 test forms which 
the microterminal would replace. In , an \earl ier study, the costof paper 
forms.was determined to bie approximateiy\ $367 , 500 o{^er a 5-year period 
(^ased on 40 forms/student/week over 50 weeks, an average enrol Iment Zf 
1400 students, and a cost of' 3. 5 cents pe> paper form) XG"ray, Stef f eni i& 
. Wasmundt 1977). Extended over the same' period, 500 mTcroteririinals at 
$500 eagh would resijlt. in a net; initial expenditure of some $100 00i3f '■■ 
lesss By- further considering the capabi 1 ity of the microterminal' s to ' 
admini.ster adaptive testing, it was aV^o bet,ieved that further savings 
coul-d be achieved by reducing test time and -^he normal, administrative ^ 
reqliirements of processing the test , data. Tl^erefore,.>it was ■ agreed that 
the final design configuration of the microterminal sh&uld be one which 
has the character i sties , of the , Type 4 unTt. v -!- ' ' ; 

FTnaV Configura tion , 1 

— -ir- 'i [ 

✓ . ' > 

•During the fin,al "design stage, the, selection of hardware and the 
structure of .software were modified due to technological advances which 
topk place during the development- period and because Of cons%erations 

-given to huijian factors in the use of the mi'crot'ermi nal . in the latter 
case, the final .configuration, as. reflected in h"gure 3, was selected 
with the^goal of, producing an "electronic test jTorm" which duplicated as 
many of the inherent -features of a paper test f^rm as' was possible. - In 
this regard, student' use and acceptance of Jhe clevice would be improved 

-If answers could be skipped, reviewed, and changed:' In order to- limit 
student cernfusion and frustration,: every attempt' was also: made to design 
the microterminal so that each action' by a stud4nt would: resul t in a 
recognizable reaction by the microterTfH nal . Sudh respqhses as erroneous 
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key depressions (answering* a question with' "8" rather than "B") would 
cause the display to flash a question mark; or, the depression of any 
combination of keys would not cause the m-icroterminal to become non-, 
functional-. Similarly', the student is required to confirm each answer 
by depres$,ing either ENTER (to validate) or CLEAR (to void). 

The location of indica«tor lights, the microterminal enclosure, and 
tactile buttons for th6 keyboard were also selected wiliii student use in 
mind. Several layouts were disdussed on these subjects and agreement 
reached before proceeding further. - . 

^n the case of hardware, new products Were substituted for original 
selections when it was found that their substitution wouTd improve 
performance, cost, or both. For example, a four-digit, low power alpha- 
numeric display became available during the contract period. By sub- . 
stituting this for the four-digit light emitting diode display, short 
messages, such as "Yes," or "No," could be presented to the student. 
Furthermore, the 64-charactGr ASCII set, as well as punctuation symbols, 
could also be adapted for various messages. With this extended capa^ 
bility, it was possible to reduce the LED message Tights from 16'io five 
and to^add four additional color-coded LEDs for possible adaptive in- 
struction application?,. . 

Prior to the final design. Motorola- also introduced the M6l^2 
microprocessor unit (MPU) which contains 128 8-bit words of internal 
memory land an oscillator. This modification reduced both the component 
count and the power requirements. Also, a PROM became avai lable which 
contains 2048 8-bit words, but required no more power nor space than did 
the original 512 8-bit word PROM. ; thus, with a prdVision for three of 
these units, a capacity/of 6144 8-bit words of memory Was achieved. 

^With the additton oY an internal power supply, it was also possible 
to develop a 1-Hz clock for timing purpo^^ from. the 60-Hz AC line. 
This resulted in a significant reduction jh the^existing timing circuit 
which had previously used a 1-MHz osci llator. 

Cbnsideraible effort was also (expended on the design of/the memofy 
module. Enclosed within. a ruggedized 'high impact plastic (Figure 4), is 
a complimentary metaV oxide semiconductqx -i^^^ randdm access memory 
(RAM), which is powered by a miniat*jre.50-mil liamp-hour nickel-cadmium 
battery. When the microterminal power supply is on, the battery is 
recharged; when removed from the microterminal , the module battery is 
capable of powering the memory for sufficient periods of time without 
losing stored data (up to 20 weeks;with a full charge). 

•.\ The final configuration of the microterminal, with memory module in 
place, is illustrated in Figure 5. A close-up of the display panel 
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(Figure 6) demonstrates that it was designed so that the legends could 
be changed "on both the "^commands ancJ keyboard for other applications. 
Figure 7 is th.e microterminal wi$.h the top case tilted forward for ease 
of maintenance and repair. ^' 

Classroom Evaluation ' 

From 16 January to 3 February 1978, the microterminal s were oper- 
ated in support^of Block 4 testing inthe Weapons Mechanic Course at- 
,Lowry AFB. This block test consisted of 15 multiple-choice Items , wit^h 
two alternative tests available, c^nd was supervised by AFHRL personnel . 

The primary purpose of the evaluation was to determine the reli- 
ability, ease of use, and acceptance of the microterminal in a func-^ 
tioning classroom situation. Students who u^ed a microterminal followed 
3 typical testing procedure. Upon entering the test center, each re- 
ceived a standard test^booklet, plus a two-page set of operating in-' 
structions on the microtermi nal . Individual assistance was given only ' 
if the student requested' such assistance. Following the written direc- 
tions, along with thef displayed directions^ on the microterminal , the 
student responded to test questions via the microterminal. When the 
student completed the test, the memory module was then taken to the Type 
B terminal in the same mariner reqirtred for computer test forms. w 

During the evaluatron period, 123 students used/the microterminal, 
and there was .only one significant malfunction. This was caused by an 
unusual powerline fluctuation, which was corrected by unplugging and 
replugging the microterminal ihto the wall receptacle with no effect on 
the status of data in the memory. 

■ . ■ . * ■ ■ , 

To assess the reaction of students to the^ use of the microterminal, 
the questionnaire in Figure 8 was administered. The percentages reflect 
hbw the 91 students who had only Written directions on how to use the 
microterminal reacted to the. microtermi nal . As can be seen, a large 
percentage preferred the unit to a general ized computer test form "and : 
found it quite easy to use. Item 10 was used to elicit open-ended 
comments ^from students. Forty-nine percent (n=46) responded with some 
comment. Of those, 20 expressed a general liking for the device, seven 
f?H that the microterminal was faster to use, 12 believed it was easier 
to use or allowed better concentration on the test, and seven registered 
a miPior complaint. Of theseH'ast seven , six. had indicated a good opin- 
ion of the microterminal on Item 1. . 

Following up on some of the comments made about the microterminal , 
two additional groups of students were evaluated. Students as they came 
to the testing room for taking a Block 4 test were alternately assigned 
to responding on 'a computer form (Group 1) or to responding on the 
microtermi nal (Group 2). Those in the latter category were given pre- 
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, ' Figure 8 ' ' I 

STUDENT QUESTIONNAIRE . 

MicroterminaV Use 
• ■ ' (N = 91, Students Read Instructions) 

What is your opinion of the microterminal? 

91% Good ^ Bad 9% Indifferent 

Which would you rather use for answering test questions -throughout 
the rest of the course? ' . ' 

91% Microterminal 9% Computer Test Forii 



1 



Did you feel nervous using the microterminal? 11% Yes 89% No 

Was the microterminal difficult to use? 1% Yes 99% No 

Did you feel that you were restricted by the microtermin^il , as ^ 
compared tp a test form, in the way yoO could answer test ques- 
tions? : 5% Yes 95% No 

Over the length of the course do you think that you woulid have less 
problems using the microterminal and its memory module than com- 
puter test forms? ; . 65% Yes 9% No 

26% No Difference 

Were the directions indicated by the lighted messages on the mi- 
croterminal hard to follow? 1% Yes 98% No 

1% Marginal 

Was the display area of the microterminal easy to read? 

V ^ 99% , Yes 1% No 

Was using the memory module at the management terminal as easy as 
using a test form? 96% Yes 4%^ No i - 

In the space below, please indicate any other comments or.sug- 
gestions,you may have about the microterminal. 




instruction on the use of the unit in order to eliminate any "learning 
curve*' time element. Comparing time and score.i data between the two 
groups produced the results shown in Xable 3/ Group 2, the pre- 
instructed microtermi nal users , averaged a faster test completion time 
(9.7 minutes vs. 11. 3 mi nutes) than Group 1, thfe computer form users. 
This difference Was statistically non-significant. The microterminal 
users had a higher /test score average (92% vs. 85%) than the computer 
form users, and this difference was statistically significant. 

An expanded questionnaire Was then given to the second group of ^ 
microterminal users. The results are reflected in Figure 9. Of this 
second group, 100% had a good opinion of the ^device, and 97% preferred 
its use'over a computer test form. Twenty-four students responded to 
either of two open-ended questions. Their general comments were as 
fol lows: . ^ . ' 

o ||||14 (44%) expressed a general liking of the device. 

6 (19%) specifically stated that the unit was faster to use. 

18 (56%) specifically stated that the microterminal was easier 
to use. or aMowed better concentration. » 

A (13%) expressed a minor complaint. 

Figure 10 is a selected sample of student comments. 

To eliminate the possibility that the better performance of th.e 
microterminal users wa^ due to lyetter general aptitude,' in spite of the 
apparently random assignments, both a discrimination ^analysis and an 
analysis of covariance ^ANCOVA) were performed. The di scr'imiriation - 
analysis was used to ascertain whether or 'not the form users or micro- " 
terminal users differed on any of five preassessment variables which are 
used as measures of general ability.- Only one variable, reading com- 
prehension, significantly discriminated between the groups. iTfifen this 
preassessment variable'was used as a covariate ,x the ANCOVA showed that 'a 
significant main effect (P <^.05) still existed between microterminal 
user scores and computer form user scores. The results of this analysis 
are tabulated in Table 4. X 

With respect to the initial "purpose of the evaluation,- to determine 
whether or not students would accept the use of the microterminal and 
whether or not the microterminal yas' easy to usfe, the data gathered 
definitely show that students prefer the microterminal over 'computer 
test forms. Time and score data further indicate that there is merit to 
several student comments -that the unit is a faster way to' respond to 
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Table 3. T-Test Results for complete form users (Gl) vs. microterminal users (62) 



Qroop 1 , . 
Group 2.1 



SCORE 



N 
44 

» 

32 



1 



Group 1 ■ 
Group 2 



44 
32 



Source 'of Variation 

Covar'iates 
Read S2 . 

Main Ef|fects 
Cond. 

Explained : , 

Residual' 



MEAN 
11.3" 
9.7 



.85 
.92 



S.D. 
3.8 



T VALUE 



1.31. 



D.F. 



70.3 



•16 
.09 



•2.40 



70.3 



PROB (Hail) 



.10 



.01 





Table 4. 


Analysis of covariance. 




Sum of 




Mean 






Squares 




Square 




Prob. 


. .001 


• 1 ^ 


■ ' .001 • 


.055 


.815 


.001 


1 


• ;.ooi. 


.055 


.815 


.069 . 


■ 1 


.oea ■ 


4.769 


.032 


.069 ^ 


1 


.069 


4.769 


. .032 


.069 


2 


.035 


2.412- 


.097 


1.006 


70 


.014'- 






1.075 . 


72 . 


.015, 







Figure 9 ^ 
STUDENT QUESTIONNAIRE 

MicroterminaV Use 
(N = 32, Students Pre-Instructed) ^ 

What is your opinion of the rrricroterminal? 

100% Good ^ Bad In^lifferent 

Which would you rather use for answering test questions throughout 
the rest of the course? 

, 97% Microterminal 3% Computer Test Form 

Did you feel nervous using^e microterminal? 9% Yes 91% No 

Was the microterminal difficult to use? 3% Yes 97% No 

Did you feel that you were restricted by the microterminal, as 
compared to a test form,- in the way you could answer test ques- 
tions? ^ Yes 100% No 

Over the length of the ODurse do you think that you would have less 
problems using the microterminal and its memory module than com- 
puter test forms? 88% Yes _ No 

- IZr ^No Oifference 

Were the directions indicated by the lighted messages on) the mi- 
croterminal hard to follow? Yes 10B% No 

. Marginal 

Was the display area of the microterminal easy to read? 

100% Yes __ No 

Was using the memory module at the management terminal as easy as 
using a test form? 91% Yes 6% No 

In the space below, please indicate any other comments or sug- 
gestions you mai^^have about the microterminal. , 



11. Did the microterminal make' block testing seem easier to you? 

:\ ' 91% Yes 9% No 

12. By using the microterminal instead of_a computer test form, for 
recording your test, answers, did you fee? that you were better able 
to concentrate on answering the test items? 

81% Yes 19% ^^No . 



13. What is the single thing about thie microterminal which ^u either 
liked or disliked the most? ^Please answer below. 



. Figure 10. 

r Selected student. comments' - 

V It was better than filling out test forms and a lot easier to use. " 

"I like it be'^ter because you can ma1<e changes easier and (it) doesn't 
leave penci 1 -^nd erase marks, "i \ 

^ . *■ 
"It was 3,1 ot better than t^st forms because you can change the answers 
easier. " ^ • 

"It's faster. You^ don't mark the wrong letters by mistake as easily 
(sic). ^ . \ . 

^Not having ^to worry about mistakes." 

• * . ^ 

"With the "'computer test form one.^can show proof when, the computer messe^ 
Up, iwhich isn't too often but i,t does happen).' How can the^ microter- 
minal be proven , wrong when and if there is a malfunction?" 



multiple-choice Items and th^t the microterminal al lows "better concen- 
tration on taking the test without concern for making recording errors* ' 
This latter point is important because the recbrding of dgta (SSN, test 
identifier; item responses, etc.) requires the careful darkening of many 
little boxes on a-co>puter test form. A mistake in filling in the boxes 
could result in form rejection and'/or erroneous test resiults, all of 
which' sefem to be Vworry tO'Students. It would thus seem reasonable to 
conclude that th^ig^ificantly better test^scores af the Jnicroterminal 
users, would be due to better concentration; however", the rival, tiypo- 
thesis that ^there are novelty effects cannot -be discounted until a more 
extensive longitudinal study is conducted-, y 

Cost Analysis . < . t . L.--^-'^ 

^ ^ 

The parts Qosts for a microterminal with memory module are itemized 
in Table 5. The prices shown were current when the microterminal s were 
being Constructed in late 1977 and are subject to change. However, 'it 
is anticipated that the effect of the price changes which are likely to 
occur over the period of a year will tend to' reduce the total parts 
cost. The reason for this is tl)e' general trend that now exists' in price 
redjuction for such items as the M68Q2 microprocessor and the TMS 2716 
EROMS. It is also noted here'that this total price includes only one * 
EROM for each microterminal. 

The actual fabrication costs for the various structural components 
of the microterminal are itemized in Table'6. In many instances, a 
major portion of an item cost was for t^e fabricatioA of a template or 
other mechahical aid. These, of course, were one-time charges and, 
therefore, distort the production xosts of ^an item. For example, the 
cost of the spring for the memory module shutter is unusually high. The 
costsNpf the memory module case and microterminal case modifications 
were af^o quite high. It is expected that" for a quantity of 500 or more 
units, it would be feasible to pay the setup charge for a tape-con- 
trolled milling machine, which would greatly reduce the cost per model 
While it is difficult to determine the exict cost recJuction from .such 
acti(^^ jt is estimated that the final fabrication figures would be ^ 
appr^omately 253i of the. figures shpwn. , 

The unit cost for assembly and checkout, including the EROM pro- 
gramming, was approximately $330. However, for the last few prototypes, 
after the technicians became familiar with the^units, the assembly ^and 
checkout required less than 12- hours v (approximately $144) per unit. It 
could be .expected that on a production line this figure might be cut in 
half. In any case, a unit cost of $509 afSpears realistic for quantities 
over 500. 
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^Memory 'Module . . '^ ^ . 

The items listed heiJ^e are those actually used but other similar components 
and material ST:Would have^ been/equal ly suitable. This listing does not imfil 
e/idorsement of these products or manufacturers by the U.S- Government. 
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TABLE 6, Microterminal fabrication costs 



Part 
Shutter 

Spring , . 

Hinge • , 

^ Hinge Plate 

Indicator Panel . ' 

Window, Display 
Memory Module C^e 

Support Block' ■ 
' Spacer . 
Guide Pin ' ' ' ' i 
Guide 

Filter Bracket • 
Chfissis • . 

Console Cas.e, Modification 
Mounting Spacer 
\Display Panel Block 
Keyboard Block • 
Keyboard Bezel 



0 



^ Unit 
Dwq. No.r '" Quantity 

EA-13225 

EA- 13266 

EA-1'3224 

EA-X3305 " 

EB-13216' 

EA- 1326.4 



. EB^13236, 
EB-13237 

. EB- 13220 
EA-13233 
EA-13228 
EB-13221 

iEB-12686 , 
ED-13215 

fEDr 13219 
EA-13309 
EA-13270: 
EA-13271 
EB-13273 



1 # 

2 

2 , 

2 
2 

1 ' 
1 

1 ' 

2 _ 
1 . 
2 

1 



Average Charge 
Per Terminal ' 

$ 6.88 

11.01 

16.51 

• .2.75 

-■■^ '16.'5i^ - 

5.50; 

48. 15^ 

2^52 
11.01 
•11.01 
20,64 
4.13 
" 27.52 i v 
■ 77.05 ^ 
. "11.01 
5.50 
16.51 
'19.26" 



Total 



$338.47 



■ ) 



.33 
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Conqlusion 



The microterminaf described in this- report fulf il led the^^bject- 
ives, and reached the goals that were intended at the initialization of 
the contract. 'As an "electronic testing device" the microterminal gave 
stu(Jents greater confidence in answering questions, while e^lso improving 
scdrfs. / The final cost figures also indicate that the use of this m>cfo- 
ternrin^l is an economically viable alternative to the standard computer, 
p^per-and-pencil test^fOrms presently in'u^e. 
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